INTRODUCTION
Snap bean is a leguminous crop species that has long been cultivated in many parts of the world. It is commonly grown for its green pods or dry seeds. Apart from its economic importance, it has been used extensively as a convenient plant material in a wide variety of physiological and biochemical researches (Davis,1997) .
Beans represent a good and inexpensive source of protein, minerals and important vitamins (Quintana et al., 1999) . Although it is cultivated traditionally in soil, the crop could be grown in hydroponics especially under unfavorable soil conditions.
In general, plant growth and development is influenced by its genotype, environment and the interaction of these factors. One of the major environmental factors to which plants respond is mineral nutrition.
The effect of nutrients on the growth and development of snap beans cultivated under soil conditions have been widely studied. Arya et al. (1999) reported that N application at 50 kg/ha and K at 100 kg/ha delayed the days to 50% flowering, but high P at 100 kg/ha and lower K at 50 kg/ha promoted early flowering. Srinivas and Naik (1988) noted that high rates of N and P significantly increased pod number and pod weight. Asif and Greig (1972) reported that increased N application resulted in increased pod yield, higher contents of K, Ca, Mg and Zn in the plants and accumulation of NO3-N in the pods. Rana et al. (1998) found that seed and straw dry matter production increased significantly up to the dosage of 120 kg N/ha.
Seed yield significantly increased with increasing N and P rates but was not affected by K application (Saxena and Verma, 1995 Solution samples were collected at the time of each renewal for measuring water and mineral nutrients absorbed. Nutrient absorption per volume water consumption (n/ w) was used as an indicator of nutrient uptake and was calculated using the following formula (Yamasaki et al., 1976) : n/ w = a/ w(y-y1) + y1 ; where : a, initial volume of solution in the growing container ; w, volume of solution left in the growing container after a specified period of time (before renewal) ; y, concentration of mineral element in the initial solution in the growing container ; y1, final concentration of mineral element in the solution left after a specified period of time (before renewal). The experiment was arranged in a completely randomized design with two potreplications. Data were subjected to analysis of variance using SigmaStat ver. 2.03 software and means were separated using the least significant difference (LSD) test.
RESULTS
Effect of nutrient solution levels on the growth and dry matter production Results showed that the vine length was significantly decreased with increasing nutrient solution levels (Table 2) . On the other hand, the number of leaves at maturity was not affected by the treatments. Leaf area increased with increasing nutrient level. Shoot and root fresh and dry weights were markedly increased with the highest nutrient solution level. Pod dry weight was highest at 1 /2 strength and the lowest at 1/4 strength treatment. Plants subjected to higher levels of nutrient solution had significantly higher total plant dry weights compared to those from the lowest strength. Effect of nutrient solution levels on the reproductive growth Plants subjected to increasing nutrient strength did not show significant change in number of days to flowering (no data shown). When compared with 1 /4 strength, the 1 /2 strength nutrient solution significantly increased the number of flowers but did not significantly differ from the other three higher levels (Table 3) . A significant reduction on harvested pods was observed in the 1 /4 strength treated plants while the number of pods obtained from 1 /2 to 2 strength treatments were comparable.
One-half strength treated plants registered the highest percentage of pod setting followed by 1 1/2 and 2 strength treatments, respectively. Weight per pod was not significantly affected by the treatments. Pod yield was reduced significantly by 1/4 strength.Among the other treatment levels however, the pod yield was comparable.
Effect of nutrient solution levels on physiological characters
In both growth stages, the relative leaf chlorophyll content differed significantly as the concentration of nutrient solution is increased (Table 4) . Photosynthetic rates followed an increasing trend as the amount of nutrient in the solution is increased. Transpiration rate differed significantly with the increase in nutrient strength. Also, the stomatal conductance was slightly changed with increasing nutrient level.
Effect of nutrient solution levels on the mineral contents in the leaf blades and noun pods
Increasing nutrient levels significantly raised the total-N, P and K contents in the leaf blades (Table 5 ) and young pods ( Table 4 Effect of nutrient solution levels on relative chlorophyll content,z net photosynthetic rate (Pa), transpiration rate (E), and stomatal conductance (Gs) at two growth stages.
z Measured by SPAD-502 chlorophyll meter (Minolta Co., Ltd., Japan). ductance were significant (Table 7) . Pod yield was significantly correlated with number of flowers, number of pods and percentage of pod setting. There was a significant positive correlation between photosynthesis and leaf color, and between yield and leaf color.
Effect of nutrient solution levels on water and nutrient uptake
The daily water consumption and nutrient uptake tended to increase with increasing z Leaf color, Pn, Gs, and E are means of two growth stages.
y Pn, Gs, E stand for net photosynthesis, stomatal conductance and transpiration rate,respectively.
x* *, * * * : significant at p <0.01 or 0.001, respectively. Table 8 Water uptake and mineral absorption concentration (n/w ratio) by bush snap bean from July 2 to July 9, 2000 (early pod development stage). nutrient solution level during the pod development (Table 8 ) and the flowering (Fig. 1) stages.
DISCUSSION
Mineral nutrient levels in the nutrient solution generally affected the growth and development of bush snap bean. The increase in total plant dry weight in 1/2 strength treated plants was a result of the higher number of pods and total pod yield attained.
higher N and K delayed the days to 50% flowering (Arya et al., 1999) . In our experiment, although there was no significant influence of nutrient strength on days to flowering, higher nutrient levels (1/2 to 2-strength) promoted the production of flowers that gave rise to the increase in number of harvested pods and subsequent pod yield. Furthermore, the increase in flower number may be associated with the greater number of lateral shoots developed at these levels. The numerically higher number of pods picked in 1 /2 strength treated plants as compared to those picked in three higher levels may be attributed to lower abscission of flowers and aborted pods. This further demonstrated that the 1/2-strength nutrient level was sufficient for the production of high yield comparable to those obtained from higher treatment levels.
Nutrient absorption per volume water consumption (n/w ratio) was used as an indicator of nutrient uptake. The daily consumption of water and nutrient absorption by plants were related to their growth and development. Water uptake was lower at the younger stage (no data shown) but when the plant reached the reproductive stage, water consumption was dramatically increased. The increasing amount of water taken up by plants may be influenced by transpiration pull particularly when there was high solar radiation with a concomitant rise in greenhouse temperature. On the other hand, the increased nutrient uptake with increasing nutrient strength corresponded with the plant's morphological status ; the plants grown at higher concentration absorbed more nutrients to sustain the growth of pods and new developing shoots.
The concentration of a particular mineral in the plant increases along with saturation curve by the availability of the nutrient (Mengel and Kirby, 1979) . Rhoads et al. (1990) found that nutrient (N, P, K) concentrations in plant tissue were directly proportional to the levels of fertilizer in the soil solution. Increased N resulted in a significant increase in NO3-N, total-N, P, Ca, Mg, S, Mn and Fe in the leaf blades (Paterson et al., 1966; Peck et al., 1989) . In our experiment, increasing nutrient solution levels increased the total-N, P, and K contents in both leaf blades and young pods, but decreased the Ca and Mg contents. The lowering Ca and Mg contents in both organs may be attributed to the antagonistic effect of K+ because of its preferential absorption by plant tissues (Mengel and Kirby, 1979) .
Mineral contents differ considerably between plant organs. In the present study, total-N, Ca and Mg contents were higher in leaf blades than in pods. But the reverse was observed in mineral elements P and K. This indicates that pods are better accumulator of these minerals than that of leaves. Our data contradicted the findings of Ikeda et al. (1989) who reported that leaf blades had higher P and K contents. The contrasting results may be due to differing response of the variety used or possibly the source of leaves and size of pods sampled by the previous workers were not similar with those used in our analysis.
The increase in relative leaf chlorophyll content with increasing nutrient level was indicative of the presence of elevated amount of nitrogen in the nutrient solution. Using the same leaf samples for measurement, leaf color turned greener as they matured (Table 4) . Similar trend has been established in the rate of photosynthesis. This trend is strongly supported by the positive close correlation between photosynthesis and leaf color. Other physiological measurements like transpiration rate and stomatal conductance were recorded simultaneously with photosynthetic rate. The increasing tendency on the rate of transpiration with increasing nutrient strength may be influenced by high cell turgor due to increased water uptake (Table  8 ) thereby resulting to a wider opening of stomates (high stomatal conductance). Also, it may be possible that the number of stomata was large so that more openings would have contributed to the rapid water loss.
The high degree of association between pod yield and photosynthesis during the flowering and early pod development stages coincided with the report that photosynthesis at pod set was significantly correlated with the biological and seed yields of snap beans (Peet et al., 1977) . However, our findings were contrary to the results obtained in maize (Hanson, 1971; Vietor, 1975) and soybeans (Curtis et al., 1969) . The positive correlation between pod yield and stomatal conductance or transpiration rate indicates that there was a complementary role of these physiological characters in the synthesis of photoassimilates.
In 
